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1
ELECTROMAGNETIC RELAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-
037803, filed Feb. 27, 2013, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electromagnetic relay.

2. Description of the Related Art

As a device which is arranged in an electrical circuit to
electrically connect and disconnect it, an electromagnetic
relay is known. An electromagnetic relay is provided with an
electromagnet, an armature which faces the electromagnet,
and contacts which are connected to the armature. In the
electromagnetic relay, when the coil is energized, the arma-
ture is pulled by the electromagnet causing the armature to
move. Due to movement of the armature, the contacts are
made to move and a plurality of contacts are electrically
contacted or separated from.

Japanese Utility Model Publication No. 4-58933A dis-
closes apolar relay which is provided with a moving member
which includes a permanent magnet and can move when a
coil is energized and a contact member which is formed so as
to contact or separate from the moving member and which has
a contact part which is inclined with respect to the axial
direction.

Japanese Patent No. 2797261B2 discloses an electrical
switching device which is provided with a moving contact
plate and a fixed terminal plate, wherein the moving contact
plate extends vertical to the up-down movement direction,
that is, in a horizontal direction, and the fixed terminal plate
descends somewhat to the outside in a direction of arrange-
ment of a pair of moving contacts.

A general electromagnetic relay is structured by a base
member which is formed by resin etc. to which a moving
electrode plate and a fixed electrode plate are fixed. The
moving electrode plate and fixed electrode plate are formed as
elongated plate shapes and are arranged separated from each
other. Operation of the armature is transmitted to the moving
electrode plate, whereby the moving electrode plate deforms
and contacts the fixed electrode plate. Further, the outside
case which covers the electromagnet and other inside parts is
formed into a rectangular parallelepiped shape. In this case,
the moving electrode plate and fixed electrode plate are
arranged so that their width directions become vertical or
parallel to the outside surfaces of the case. When the moving
electrode plate deforms, a switching operation is performed
while maintaining a state where the width direction of the
moving electrode plate and the width direction of the fixed
electrode plate are parallel.

The electromagnetic relay which has such a rectangular
parallelepiped shaped case is in many cases arranged on the
surface of a board which extends in a horizontal direction or
a board which extends in a vertical direction. For this reason,
sometimes this is arranged so that the width direction of the
moving electrode plate and the width direction of the fixed
electrode plate become parallel to the horizontal direction.

In this regard, sometimes the inside of the case of an elec-
tromagnetic relay has foreign matter which has an insulating
property remaining in it. For example, at the time of assembly
of the electromagnetic relay, burrs which formed at the time
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of plastic molding drop down as foreign matter or dust etc. in
the air invades the inside of the case as foreign matter. Further,
sometimes electrode plates or other parts are press fit at a base
member which is formed by resin etc. in the manufacturing
process. In this case, sometimes the base member is scraped
and forms foreign matter.

If such insulating foreign matter remains inside of the case
and deposits on a moving contact of the moving electrode
plate and a fixed contact of the fixed electrode plate, poor
conduction will result when making the moving contact and
the fixed contact contact each other. The moving contact of
the moving electrode plate moves and contacts the fixed con-
tact, so sometimes foreign matter which had deposited on the
contacts drops off along with the operation. In this regard, as
explained above, when the parts are arranged so that the width
direction of the moving electrode plate and the width direc-
tion of the fixed electrode plate become parallel with the
horizontal direction, sometimes foreign matter ends up being
carried on the surfaces of the electrode plates and even if the
moving electrode plate operates, the foreign matter remains
without dropping off. For this reason, sometimes poor con-
duction occurs between the moving electrode plate and the
fixed electrode plate.

SUMMARY OF THE INVENTION

The present invention has as its object the provision of an
electromagnetic relay which suppresses poor conduction due
to deposition of insulating foreign matter at the contacts of the
electrode plates.

An aspect of an electromagnetic relay of the present inven-
tion is provided with an electromagnet, an armature which is
pulled by the electromagnet when the electromagnet is ener-
gized, a moving electrode which has a moving plate and a
moving contact wherein the moving contact is moved by
operation of the armature, and a fixed electrode which faces
the moving electrode and has a fixed plate and a fixed contact.
At least a portion of the moving plate onto which the moving
contactis arranged and at least a portion of the fixed plate onto
which the fixed contact is arranged are inclined in width
direction.

Another aspect of an electromagnetic relay of the present
invention is provided with an electromagnet, an armature
which is pulled by the electromagnet when the electromagnet
is energized, a first moving electrode which has a first moving
plate and a first moving contact wherein the first moving
contact is moved by operation of the armature, a second
moving electrode which is electrically connected to the first
moving electrode and has a second moving plate and a second
moving contact wherein the second moving contact is moved
by operation of the armature, a first fixed electrode which
faces the first moving electrode and has a first fixed plate and
a first fixed contact, and a second fixed electrode which is
electrically connected to the first fixed electrode, faces the
second moving electrode, and has a second fixed plate and a
second fixed contact. A direction of extension of a surface of
the first moving plate where the first moving contact is
arranged and a direction of extension of a surface of the
second moving plate where the second moving contact is
arranged intersect.

Still another aspect of an electromagnetic relay of the
present invention is provided with a main body which
includes an electromagnet which has a coil and a case inside
of which the main body is fixed. The main body includes an
armature which is pulled by the electromagnet when the coil
is energized, a moving electrode plate which has a plate part
and a moving contact where operation of the armature causes
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the moving contact to move, and a fixed electrode plate which
faces the moving electrode plate and has a plate part and a
fixed contact. The plate part of the moving electrode plate has
a moving contact arrangement part at which the moving con-
tact is arranged, while the plate part of the fixed electrode
plate has a fixed contact arrangement part at which the fixed
contact is arranged. The main body is inclined with respect to
a mounting surface of an object to be mounted to when
mounting the electromagnetic relay on the object to be
mounted to, while the width direction of the moving contact
arrangement part and the width direction of the fixed contact
arrangement part are inclined with respect to the mounting
surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a disassembled perspective view of a first elec-
tromagnetic relay in an Embodiment 1.

FIG. 2 is a schematic perspective view when detaching a
case of the first electromagnetic relay of the Embodiment 1.

FIG. 3 is aschematic cross-sectional view when cutting the
case of the first electromagnetic relay of the Embodiment 1.

FIG. 4 is a perspective view of a fixed contact arrangement
part of a fixed electrode plate.

FIG. 5 is a perspective view of a moving contact arrange-
ment part of a moving electrode plate.

FIG. 6 is an enlarged schematic plan view of a card, a
moving electrode plate, and a fixed electrode plate of the first
electromagnetic relay of the Embodiment 1.

FIG. 7 is a schematic perspective view when detaching a
case of an electromagnetic relay in a comparative example.

FIG. 8 is a schematic view of a part of a moving electrode
plate and a fixed electrode plate when mounting the electro-
magnetic relay of the comparative example in a predeter-
mined direction.

FIG. 9 is a schematic perspective view when detaching the
case of the second electromagnetic relay of the Embodiment
1.

FIG. 10 is an enlarged schematic plan view of a card,
moving electrode plates, and fixed electrode plates of a sec-
ond electromagnetic relay of the Embodiment 1.

FIG. 11 is a schematic perspective view when detaching a
case of a third electromagnetic relay of the Embodiment 1.

FIG. 12 is a schematic view of a part of moving electrode
plates and fixed electrode plates of the third electromagnetic
relay of the Embodiment 1.

FIG. 13 is an enlarged schematic plan view of a pushing
part of a card, a moving electrode plate, and a fixed electrode
plate of a fourth electromagnetic relay of the Embodiment 1.

FIG. 14 is an enlarged schematic plan view of a pushing
part of a card, a moving electrode plate, and a fixed electrode
plate of a fifth electromagnetic relay of the Embodiment 1.

FIG. 15 is a schematic perspective view when detaching a
case of a first electromagnetic relay in an Embodiment 2.

FIG. 16 is an enlarged schematic plan view of a card, a
moving electrode plate, and a fixed electrode plate of the first
electromagnetic relay of the Embodiment 2.

FIG. 17 is a schematic cross-sectional view when cutting
the case of the first electromagnetic relay of the Embodiment
2.

FIG. 18 is a schematic cross-sectional view when cutting
the case of a second electromagnetic relay of the Embodiment
2.

FIG. 19 is a schematic cross-sectional view when cutting
the case of a third electromagnetic relay of the Embodiment 2.
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4
DESCRIPTION OF EMBODIMENTS

Embodiment 1

Referring to FIG. 1 to FIG. 14, electromagnetic relays of
the Embodiment 1 will be explained. FIG. 1 through FIG. 8
illustrates a first type of an electromagnetic relay of the
embodiment (“first electromagnetic relay”).

FIG. 1 is a disassembled perspective view of the first elec-
tromagnetic relay of the present embodiment. FIG. 2 is a
schematic perspective view when detaching a case of the first
electromagnetic relay of the present embodiment. FIG. 3is a
schematic cross-sectional view of the first electromagnetic
relay of the present embodiment.

Referring to FIG. 1 to FIG. 3, an electromagnetic relay is
provided with an electromagnet 12. The electromagnet 12 has
a yoke 12a. The electromagnet 12 is excited by energization
of the coil. The generation of magnetic force is stopped by
stopping the energization of the coil.

The electromagnetic relay of the present embodiment is
provided with a base member 10. The base member 10 is
formed by resin or other material which has an electrical
insulating property. The base member 10 has a base part 10a
which is formed in a plate shape and a support part 105 which
is formed into a box shape. The electromagnet 12 is placed on
the base part 10a and is arranged inside of the support part
105. The electromagnet 12 is supported by the support part
105. The coil inside of the electromagnet 12 is connected to a
coil terminal for connection to an outside electrical circuit.

The electromagnetic relay has an armature 16 which is
arranged so as to face the core of the electromagnet 12. The
armature 16 is formed by a magnetic material into a plate
shape. The armature 16 is fixed at one end to a plate spring 13.
The plate spring 13 is fixed to the base part 10a of the base
member 10. The plate spring 13 has elasticity and biases the
armature 16 in a direction away from the electromagnet 12.

The electromagnetic relay is provided with a moving elec-
trode plate 18 serving as a moving electrode. The moving
electrode plate 18 includes a moving contact 18a and a plate
part 184 serving as a moving plate. The plate part 185 is
formed into a plate shape so as to be able to deform and to
have elasticity. The plate part 185 is fixed at one end to the
base part 10a of the base member 10. The moving electrode
plate 18 is formed by a material which has electrical conduc-
tivity. The moving electrode plate 18 is connected to a termi-
nal 22 which is connected to an outside electrical circuit.

The electromagnetic relay is provided with a fixed elec-
trode plate 17 serving as a fixed electrode. The fixed electrode
plate 17 has a fixed contact 17a and a plate part 175 serving as
a fixed plate. The plate part 175 is formed into a plate shape.
The plate part 175 is fixed to the base part 10a of the base
member 10. The fixed electrode plate 17 is formed by a
material which has electrical conductivity. The fixed elec-
trode plate 17 is connected to a terminal 21 which is con-
nected to an outside electrical circuit. The moving electrode
plate 18 and the fixed electrode plate 17 are arranged so that
the moving contact 18a and the fixed contact 17a face each
other. The fixed electrode plate 17 and the moving electrode
plate 18 are press fit into slits 104 and 10e which are formed
in the base part 10a of the base member 10 by being pushed.

The armature 16 is connected to a card 30 at the end at the
opposite side to the end to which the plate spring 13 is fixed.
The card 30 functions as a moving member which moves with
the armature 16. The card 30 of the present embodiment is
formed to a plate shape. The card 30 is formed so as to
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transmit the movement of the armature 16 to the moving
electrode plate 18. The plate part 185 is bent by the other end
being pushed by the card 30.

The end of the card 30 is formed with an engagement hole
30c. The engagement hole 30c is engaged with an engage-
ment part 16a which is formed at the armature 16. The card 30
is formed with an elongated hole 305 (not illustrated in FIG.
2) which extends in the longitudinal direction of the card 30.
A projecting part 10¢ which projects from the top surface of
the support part 105 of the base member 10 is inserted into the
elongated hole 305. By the projecting part 10¢ being inserted
into the elongated hole 305, movement of the card 30 in the
width direction is suppressed.

The card 30 has a pushing part 30a which is arranged at the
end which faces the moving electrode plate 18 and pushes the
moving electrode plate 18. In an electromagnetic relay of the
present embodiment, the end face of the card 30 pushes
against the moving electrode plate 18. The pushing part 30a
has an end face which is inclined with respect to the longitu-
dinal direction of the card 30. The card 30 is formed so that the
planar shape becomes trapezoidal.

The main body of the electromagnetic relay which includes
the base member 10, the electromagnet 12 which is fixed to
the base member 10, the fixed electrode plate 17, the moving
electrode plate 18, etc. is covered by the case 9. The case 9 is
formed in a rectangular parallelepiped shape. The case 9 is
attached to the base member 10 as shown by the arrow 80. The
case 9 has outer surfaces 9a to 9e. In the present embodiment,
the outer surfaces 9a to 9e are formed to flat shapes.

When the coil of the electromagnet 12 is not being ener-
gized, the armature 16 is separated from the electromagnet 12
due to the biasing force of the plate spring 13. At this time, the
moving contact 18a of the moving electrode plate 18 is sepa-
rated from the fixed contact 17a of the fixed electrode plate
17. That is, the electromagnetic relay is opened.

When the coil of the electromagnet 12 is energized, a
magnetic field is generated around the iron core of the elec-
tromagnet 12 and the armature 16 is pulled in by the electro-
magnet 12 in a direction as shown by the arrow 81. The
engagement part 16a of the armature 16 pushes the engage-
ment hole 30c¢ of the card 30 and the card 30 moves in the
longitudinal direction such as shown by the arrow 82. The
card 30 pushes against the end of the moving electrode plate
18. The moving electrode plate 18, by being pushed by the
card 30, bends toward the fixed electrode plate 17 as shown by
the arrow 83. The moving contact 18a moves toward the fixed
contact17a and contacts the fixed contact 17a. As aresult, the
fixed contact 17a and the moving contact 18a become elec-
trically conductive and the electromagnetic relay closes.

If the coil of the electromagnet 12 stops being energized,
the elastic force of the plate spring 13 causes the armature 16
to move in a direction separating from the electromagnet 12.
Due to operation of the armature 16, the card 30 moves in a
direction opposite to the direction which is shown by the
arrow 82. The moving contact 18a is separated from the fixed
contact 17a to be electrically disconnected from the fixed
contact 17a. In this way, the electromagnetic relay can make
the fixed contact 17« and the moving contact 18a contact or
separate from each other by the coil being energized or deen-
ergized.

FIG. 4 is a schematic perspective view of the part of the
fixed electrode plate where the fixed contact is arranged. The
fixed contact 17a is arranged at an end of the fixed electrode
plate 17 in the longitudinal direction. The fixed contact 17a is
formed so as to stick out from the surface ofthe plate part 175.
The fixed contact 17a is arranged at a fixed contact arrange-
ment part 17¢ provided at an end of the plate part 175.
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FIG. 5 is a schematic perspective view of the part of the
moving electrode plate where the moving contact is arranged.
In the moving electrode plate 18 as well, in the same way as
the fixed electrode plate 17, the moving contact 18a is
arranged at an end in the longitudinal direction. The moving
contact 184 of the present embodiment is formed so as to stick
out from the surface of the plate part 185. The plate part 185
has a moving contact arrangement part 18¢ at which the
moving contact 18a is arranged. The moving electrode plate
18 and fixed electrode plate 17 are formed so that the fixed
contact arrangement part 17¢ and the moving contact
arrangement part 18¢ become substantially parallel to each
other while the moving contact 18a and the fixed contact 17a
face each other.

Referring to FIG. 3 to FIG. 5, the first electromagnetic
relay of the present embodiment is structured with the width
direction of the moving contact arrangement part 18¢ (direc-
tion of the arrow 100) and the width direction of the fixed
contact arrangement part 17¢ (direction of the arrow 100)
inclined with respect to at least one outer surface of the case
9. Referring to FIG. 3, the moving contact arrangement part
18¢ and the fixed contact arrangement part 17¢ are inclined
with respect to the outer surfaces 9a to 9¢ of the case 9.
Further, the surfaces of the plate parts 175 and 185 are
inclined with respect to the outer surfaces 9a to 9¢ of the case
9. Further, the moving contact arrangement part 18¢ and the
fixed contact arrangement part 17¢ are inclined with respect
to the movement direction of the card 30 which is shown by
the arrow 82.

FIG. 6 is a schematic plan view of the pushing part of the
card, the moving electrode plate, and the fixed electrode plate.
The end face ofthe pushing part 30a of the card 30 has a shape
substantially parallel to the surface of the plate part 185.
When the electromagnet 12 is energized and the card 30
moves in the direction which is shown by the arrow 82, the
pushing part 30a pushes against the surface of the moving
electrode plate 18. At this time, the pushing part 30a contacts
the moving electrode plate 18. As the pushing part 30a of the
card 30 has a shape which corresponds to the surface of the
plate part 186 of the moving electrode plate 18, the area of the
pushing part 30a which pushes against the moving electrode
plate 18 becomes larger and the moving electrode plate 18 can
be reliably pushed.

The electromagnetic relay of the present embodiment can
be mounted in various directions when mounting to a board or
other object to be mounted to. In FIG. 2 and FIG. 3, the
direction in which gravity acts when mounting the electro-
magnetic relay in various directions, that is, the “gravity
direction”, is shown by the arrows 91 to 96.

When the electromagnetic relay is mounted to a board and
the direction which is shown by the arrow 91 or the arrow 92
is the gravity direction, the longitudinal directions of the
moving electrode plate 18 and fixed electrode plate 17
become parallel to the vertical direction. For this reason,
foreign matter can be kept from depositing on the moving
contact 184 and fixed contact 17a. Further, even if foreign
matter deposits on the moving contact 18a and fixed contact
17a, the operation of the moving electrode plate 18 and the
action of gravity can help the foreign matter drop off.

Next, when the electromagnetic relay is mounted to a board
and any of the directions which are shown by the arrows 93 to
96 is the gravity direction, the moving contact arrangement
part 18¢ and the fixed contact arrangement part 17¢ become
inclined with respect to the gravity direction. For this reason,
the width direction of the moving contact arrangement part
18¢ and the width direction of the fixed contact arrangement
part 17¢ can be kept from becoming parallel with the hori-
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zontal direction. Even if foreign matter deposits on the mov-
ing contact 18a and fixed contact 17a, gravity acts in a direc-
tion causing the foreign matter to drop off and foreign matter
can be kept from depositing on the moving contact 18a and
the fixed contact 17a. Furthermore, due also to the operation
of'the moving electrode plate 18, foreign matter can be helped
to drop off.

FIG. 7 and FIG. 8 are explanatory views of an electromag-
netic relay of a comparative example. FIG. 7 is a schematic
perspective view of the electromagnetic relay of the compara-
tive example. FIG. 8 is an enlarged schematic view of the part
of the moving electrode plate, the fixed electrode plate, and
the front end of the card of the electromagnetic relay of the
comparative example.

The electromagnetic relay of the comparative example is
provided with a moving electrode plate 48 which has a mov-
ing contact 48a and a fixed electrode plate 47 which has a
fixed contact 47a. The moving electrode plate 48 is connected
to a terminal 46, while the fixed electrode plate 47 is con-
nected to a terminal 45. Further, the electromagnetic relay of
the comparative example is provided with a card 35 which has
an engagement hole 35¢ and a pushing part 35a. The case of
the electromagnetic relay of the comparative example is made
one which is formed into a rectangular parallelepiped shape.
The direction which is shown by the arrow 101 is the longi-
tudinal direction of the moving electrode plate 48 and the
fixed electrode plate 47.

Portions of the moving electrode plate 48 and fixed elec-
trode plate 47 where the moving contact 48a and fixed contact
47a are formed are inclined with respect to the outer surfaces
of'the case. On the other hand, the width directions of the parts
where the moving contact 48a and fixed contact 474 are
formed are perpendicular to or parallel with the outer surfaces
of the case.

If mounting the electromagnetic relay of the comparative
example to a board in a certain direction, foreign matter can
be kept from depositing on the moving contact 48a or fixed
contact 47a. However, if the electromagnetic relay of the
comparable example is mounted on a board in a direction
illustrated in FIG. 8 and the gravity direction is the direction
which is shown by the arrow 94, the foreign matter 79 may
move along the surface of the moving electrode plate 48 as
shown by the arrow 90 and deposits on the moving contact
48a. In this way, in the electromagnetic relay of the compara-
tive example, foreign matter may end up being guided toward
the contacts.

As opposed to this, even if mounting the first electromag-
netic relay of the present embodiment in various directions,
the moving contact arrangement part 18¢ and the fixed con-
tact arrangement part 17¢ can be made to be inclined with
respect to the gravity direction. For this reason, foreign matter
can be kept from depositing on the moving contact 18a and
fixed contact 17a and poor conduction between the moving
contact 18a and the fixed contact 17a can be suppressed.
Further, the foreign matter rolls along the surface of the
electrode plate like in the comparative example, while the
foreign matter can be kept from depositing on the contacts.

The first electromagnetic relay of the present embodiment
is formed so that the moving contact arrangement part and the
fixed contact arrangement part are inclined with respect to all
outer surfaces of the case, but the invention is not limited to
this. An electromagnetic relay may also be formed so that the
width direction of the moving contact arrangement part and
the width direction of the fixed contact arrangement part are
inclined with respect to one or more outer surfaces of the case.

Further, in the first electromagnetic relay of the present
embodiment, the plate part of the moving electrode plate and
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the plate part of the fixed electrode plate are provided stand-
ing up straight from the base member. That is, the plate parts
extend in flat shapes, but the invention is not limited to this. A
plate part may also be curved in the intermediate region from
the base member to the moving contact arrangement part or
fixed contact arrangement part.

Next, the second electromagnetic relay of the embodiment
will be explained. In the second electromagnetic relay of the
present embodiment, a plurality of electrode pairs of the
moving electrode plates and the fixed electrode plates are
formed.

FIG. 9 is a schematic perspective view of the second elec-
tromagnetic relay of the present embodiment in which a case
is detached. FIG. 10 is an enlarged schematic view of the part
of'the moving electrode plates, the fixed electrode plates, and
the card of the second electromagnetic relay of the present
embodiment. The second electromagnetic relay of the present
embodiment is provided with a rectangular parallelepiped
shaped case.

Referring to FIG. 9 and FIG. 10, the second electromag-
netic relay of the present embodiment is provided with a first
moving electrode plate 24 serving as a first moving electrode.
The first moving electrode plate 24 has a moving contact 24a
serving as a first moving contact and a plate part 245 serving
as a first moving plate. The second electromagnetic relay is
provided with a first fixed electrode plate 23 serving as a first
fixed electrode. The first fixed electrode plate 23 has a fixed
contact 23a serving as a first fixed contact and a plate part 235
serving as a first fixed plate. The plate part 245 of the first
moving electrode plate 24 and the plate part 235 of the first
fixed electrode plate 23 are formed with surfaces which
extend in parallel to each other. The first moving electrode
plate 24 has a first moving contact arrangement part, while the
first fixed electrode plate 23 has a first fixed contact arrange-
ment part. The first moving contact arrangement part and the
first fixed contact arrangement part extend in parallel to each
other.

Furthermore, the second electromagnetic relay of the
present embodiment is provided with a second moving elec-
trode plate 26 serving as a second moving electrode. The
second moving electrode plate 26 has a moving contact 26a
serving as a second moving contact and a plate part 265
serving as a second moving plate. The second electromag-
netic relay is provided with a second fixed electrode plate 25
serving as a second fixed electrode. The second fixed elec-
trode plate 25 has a fixed contact 254 serving as a second fixed
contact and a plate part 255 serving as a second fixed plate.
The plate part 265 of the second moving electrode plate 26
and the plate part 255 of the second fixed electrode plate 25
have surfaces which extend in parallel. The second moving
electrode plate 26 has a second moving contact arrangement
part, while the second fixed electrode plate 25 has a second
fixed contact arrangement part. The second moving contact
arrangement part and the second fixed contact arrangement
part extend parallel to each other.

In the second electromagnetic relay of the present embodi-
ment, the width direction of the first moving contact arrange-
ment part of the first moving electrode plate 24 and the width
direction of the second moving contact arrangement part of
the second moving electrode plate 26 do not become parallel
to each other but are formed so as to intersect. The direction
in which the surface of the first moving contact arrangement
part extends and the direction in which the surface of the
second moving contact arrangement part extends intersect.

The card 31 has a pushing part 31a and an engagement hole
31c. The pushing part 31a is formed with a planar shape of a
V-shape corresponding to the shapes of the moving electrode
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plates 24 and 26. The pushing part 31a has a shape where the
end face which contacts the moving electrode plates 24 and
26 becomes substantially parallel to the surface of the plate
parts 245 and 26b.

When the electromagnet 12 is energized, the armature 16
operates in the direction which is shown by the arrow 81, and
the card 31 moves in the direction which is shown by the
arrow 82. The pushing part 31a of the card 31 simultaneously
pushes the both electrode plates of the first moving electrode
plate 24 and the second moving electrode plate 26. The mov-
ing contact 24q of the first moving electrode plate 24 and the
moving contact 26a of the second moving electrode plate 26
can be made to move as shown by the arrow 83 and can realize
electrical conduction.

The first moving electrode plate 24 and the second moving
electrode plate 26 are respectively electrically connected to
the terminal 22. That is, the first moving electrode plate 24
and the second moving electrode plate 26 are electrically
connected to each other. Further, the first fixed electrode plate
23 and the second fixed electrode plate 25 are respectively
electrically connected to the terminal 21. That is, the first
fixed electrode plate 23 and the second fixed electrode plate
25 are electrically connected to each other. In this way, in the
second electromagnetic relay of the present embodiment, a
plurality of switch parts are formed which connect or discon-
nect with a single electrical circuit.

In the first electromagnetic relay of the present embodi-
ment, sometimes the electromagnetic relay is mounted to the
board etc. so that the outer surfaces 9a to 94 of the case 9 is
inclined with respect to the gravity direction. Depending
upon the direction of mounting of the electromagnetic relay
to the board etc. and the state of use of the device, sometimes
the width direction of the fixed contact arrangement part 17¢
of the fixed electrode plate 17 and the width direction of the
moving contact arrangement part 18¢ of the moving electrode
plate 18 become substantially parallel with the horizontal
direction.

As opposed to this, in the second electromagnetic relay of
the present embodiment, even if the width direction of the
moving contact arrangement part of one moving electrode
plate is parallel to the horizontal direction, the width direction
of the moving contact arrangement part of the other moving
electrode plate is inclined with respect to the vertical direction
or the horizontal direction. That is, the width direction of the
moving contact arrangement part of the other moving elec-
trode plate can be kept from becoming parallel to the hori-
zontal direction. For this reason, at least one pair of the
moving electrode plate and the fixed electrode plate becomes
a state with a width direction inclined with respect to the
gravity direction, so deposition of foreign matter can be sup-
pressed or foreign matter can be helped to drop off. For this
reason, for example, even if foreign matter deposits on the
moving contact of one moving electrode plate and poor con-
duction occurs between one moving electrode plate and one
fixed electrode plate, the other moving electrode plate and the
other fixed electrode plate can realize electrical conduction
between them. In this way, in the second electromagnetic
relay of the present embodiment, even if mounting the elec-
tromagnetic relay in all sorts of directions, poor conduction
due to foreign matter can be suppressed.

FIG. 11 is a schematic perspective view when detaching a
case of a third electromagnetic relay of the present embodi-
ment. FIG. 12 is an enlarged schematic perspective view of
the part of moving electrode plates and fixed electrode plates
of'the third electromagnetic relay of the present embodiment.
In the third electromagnetic relay of the present embodiment
as well, in the same way as the second electromagnetic relay
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of the present embodiment, pluralities of electrode pairs of
moving electrode plates and fixed electrode plates are pro-
vided. The third electromagnetic relay of the present embodi-
ment is provided with a rectangular parallelepiped shaped
case.

Referring to FIG. 11 and FIG. 12, the third electromagnetic
relay of the present embodiment is provided with a base
member 50 and an electromagnet 51 which includes a yoke
51a. The third electromagnetic relay of the present embodi-
ment is provided with a first moving electrode plate 55 serv-
ing as a first moving electrode, a first fixed electrode plate 54
serving as a first fixed electrode which faces the first moving
electrode plate 55. The third electromagnetic relay is pro-
vided with a second moving electrode plate 57 serving as a
second moving electrode, and a second fixed electrode plate
56 serving as a second fixed electrode which faces the second
moving electrode plate 57. The first moving electrode plate 55
and the second moving electrode plate 57 respectively have
moving contacts 55a and 57a and plate parts 556 and 575. The
moving contact 55a functions as a first moving contact and
the moving contact 574 functions as a second moving contact.
The plate parts 555 functions as a first moving plate and the
plate part 575 functions as a second moving plate. The first
moving electrode plate 55 has a first moving contact arrange-
ment part, while the second moving electrode plate 57 has a
second moving contact arrangement part. Further, the first
fixed electrode plate 54 and the second fixed electrode plate
56 respectively have fixed contacts 54a and 564 and plate
parts 545 and 565. The fixed contact 54a functions as a first
fixed contact and the fixed contact 564 functions as a second
fixed contact. The plate parts 545 functions as a first fixed
plate and the plate part 565 functions as a second fixed plate.
The first fixed electrode plate 54 has a first fixed contact
arrangement part, while the second fixed electrode plate 56
has a second fixed contact arrangement part.

The first moving electrode plate 55 and the second moving
electrode plate 57 are connected to a common electrode plate
75. The first moving electrode plate 55 and the second moving
electrode plate 57 are electrically connected with each other.
The first moving electrode plate 55, second moving electrode
plate 57, and common electrode plate 75 are fixed to the
surface of the armature 53 and operate together with the
armature 53. The plate spring 52 biases the armature 53 in a
direction separating from the electromagnet 51. The common
electrode plate 75 is connected to the terminal 58 which is
connected with an outside electrical circuit.

The base member 50 supports the first fixed electrode plate
54 and the second fixed electrode plate 56. The first fixed
electrode plate 54 and the second fixed electrode plate 56 are
electrically connected to each other. The first fixed electrode
plate 54 and second fixed electrode plate 56 are connected to
a terminal 59 which is connected to an external electrical
circuit.

In the third electromagnetic relay of the present embodi-
ment, the moving electrode plates 55 and 57 operate inte-
grally with the armature 53, so it is possible to make the
moving contacts 55a and 57a move to electrically connect
and disconnect the circuit. Further, in these electrode pairs,
the moving contact arrangement parts and the fixed contact
arrangement parts extend substantially in parallel with each
other. Further, the width directions of the moving contact
arrangement parts of the moving electrode plates 55 and 57
and the width directions of the fixed contact arrangement
parts of the fixed electrode plates 54 and 56 are inclined with
respect to the direction in which the armature 53 is pulled by
the electromagnet 51.
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In the third electromagnetic relay of the present embodi-
ment as well, in the same way as the second electromagnetic
relay of the present embodiment, the width direction of the
first moving contact arrangement part of the first moving
electrode plate 55 and the width direction of the second mov-
ing contact arrangement part of the second moving electrode
plate 57 are formed so as not to become parallel with each
other. Further, the direction in which the surface of the first
moving contact arrangement part extends and the direction in
which the surface of the second moving contact arrangement
part extends intersect. For this reason, no matter in what
direction the electromagnetic relay is attached, it is possible
to suppress poor conduction to at least one electrode pair of
the moving electrode plate and the fixed electrode plate.

In this way, the present invention can also be applied to an
electromagnetic relay which is not provided with a card and
which has a structure in which a moving electrode plate is
fixed to the armature. Note that the third electromagnetic
relay of the present embodiment has a plurality of electrode
pairs of moving electrode plates and fixed electrode plates,
but the invention is not limited to this. The invention can also
be applied to an electromagnetic relay which has a single
electrode pair of the moving electrode plate and the fixed
electrode plate.

FIG. 13 is an enlarged schematic view which explains a
pushing part of a card of a fourth electromagnetic relay of the
present embodiment. In the fourth electromagnetic relay of
the present embodiment, a card 33 pushes a moving electrode
plate 18. Here, in the fourth electromagnetic relay of the
present embodiment, the pushing part 33« of the card 33 is
formed so that the front end becomes pointed. The pushing
part 33a of the present embodiment is formed in a wedge
shape. As the pushing part 334, the invention is not limited to
this. For example, it may also be formed to a needle shape
with a pointed tip.

If'the card 33 moves as shown by the arrow 82, the pushing
part 33a contacts the plate part 185 of the moving electrode
plate 18. After this, the pushing part 33a moves along the
surface of the plate part 185 as shown by the arrow 84 while
maintaining the contact state. At the moving electrode plate
18, as shown by the arrow 105, a force is generated by which
the width direction of the moving contact arrangement part
rotates. In the fixed electrode plate 17 as well, a force is
generated by which the width direction of the fixed contact
arrangement part rotates as shown by the arrow 106.

In this way, a force acts in a direction by which the moving
electrode plate 18 and fixed electrode plate 17 are twisted, so
the contact surface of the moving contact 18«4 and the contact
surface of the fixed contact 17a slide. Even if there is foreign
matter between the moving contact 18a and the fixed contact
17a, it is possible to make the foreign matter move along the
contact surfaces and drop off. A so-called “wiping effect” is
produced and foreign matter can be removed from between
the contacts.

FIG. 14 is an enlarged schematic view which explains a
pushing part of a card of a fifth electromagnetic relay of the
present embodiment. The pushing part 34a of the card 34 of
the fifth electromagnetic relay of the present embodiment is
formed in a plate shape. The direction vertical to the paper
surface of FIG. 14 becomes the thickness direction. The sur-
face 344 of the pushing part 34a and the direction of move-
ment of the surface of the plate part 186 of the moving
electrode plate 18 which is shown by the arrow 84 become
parallel. The pushing part 34a is formed with an end face
which contacts the moving electrode plate 18 which has an
arc-shaped cross-sectional shape.
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In the fifth electromagnetic relay of the present embodi-
ment as well, in the same way as the fourth electromagnetic
relay of the present embodiment, by the pushing part 34a
pushing against the moving electrode plate 18, a force acts
which makes the moving contact arrangement part of the
moving electrode plate 18 rotate in the direction which is
shown by the arrow 105. Furthermore, a force acts which
makes the fixed contact arrangement part of the fixed elec-
trode plate 17 rotate in the direction which is shown by the
arrow 106. For this reason, the contact surface of the moving
contact 18a and the contact surface of the fixed contact 17a
can slide and remove foreign matter.

The pushing part of the fifth electromagnetic relay of the
present embodiment is formed to a plate shape, but the inven-
tion is not limited to this. A pushing part which has an end face
which contacts the moving electrode plate which is curved in
aprojecting manner may also be employed. For example, the
pushing part may be formed into a semispherical shape.

The electromagnetic relay of the present embodiment
makes two contacts contact each other, but the invention is not
limited to this. The present invention can also be applied to an
electromagnetic relay which has three or more contacts and
which electrically connects, disconnects, or switches any
contacts.

Embodiment 2

Referring to FIG. 15 to FIG. 19, electromagnetic relays of
the Embodiment 2 will be explained. FIG. 15 is a schematic
perspective view when detaching a case of a first electromag-
netic relay of the present embodiment. FIG. 16 is an enlarged
schematic view of the part of a moving electrode plate, a fixed
electrode plate, and a card of the first electromagnetic relay of
the present embodiment. FIG. 17 is a schematic cross-sec-
tional view when cutting the part of the case of the first
electromagnetic relay of the present embodiment. The first
electromagnetic relay of the present embodiment is arranged
so that the main body 17 which includes the base member 10,
the electromagnet 12, the card 32, and the moving electrode
plate 20 is inclined inside of the case 61.

Referring to FIG. 15 to FIG. 17, the main body 27 of the
first electromagnetic relay of the present embodiment is pro-
vided with a moving electrode plate 20 which includes a
moving contact 20a and a plate part 205 and with a fixed
electrode plate 19 which includes a fixed contact 19a and
plate part 196. The main body 27 has a longitudinal direction
which is shown by the arrow 85. The case 61 of the first
electromagnetic relay of the present embodiment is formed to
a rectangular parallelepiped shape. The case 61 has outer
surfaces 61a, 615, 61c¢, and 614d.

The main body 27 is provided with a card 32. The card 32
has an engagement hole 32¢ which engages with an engage-
ment part 16a of the armature 16. The end of the card 32 is
formed with a pushing part 32a. The pushing part 32a is
formed so that an end face becomes substantially parallel with
the surface of the moving electrode plate 20. The planar shape
of'the card 32 is formed so as to become rectangular.

The moving electrode plate 18 and the fixed electrode plate
19 are arranged so that the width direction of the moving
contact arrangement part and the width direction of the fixed
contact arrangement part which is shown by the arrows 100
become substantially vertical to the movement direction of
the card 32 which is shown by the arrow 82. Further, the
moving contact arrangement part and the fixed contact
arrangement part extend in a direction vertical to the longi-
tudinal direction of the main body 27. By the electromagnet
12 being energized, the card 32 moves as shown by the arrow
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82 and the moving electrode plate 20 is pushed against. As a
result, the moving contact 20a contacts the fixed contact 194
and electrical conduction is achieved.

The base member 10 of the first electromagnetic relay of
the present embodiment has a fixed part 10f which extends
from the base part 10a. As shown in FIG. 17, the fixed part 10
extends up to the parts of the corners of the case 61 and is
fastened to the case 61. That is, the main body 27 is fastened
to the case 61. The first electromagnetic relay of the present
embodiment is formed so that the movement direction of the
card 32 is inclined with respect to the outer surfaces 61a, 615,
61c, and 61d of the case 61. For this reason, the width direc-
tion of the moving contact arrangement part and the width
direction of the fixed contact arrangement part are inclined
with respect to the outer surfaces 61a, 615, 61¢, and 61d of the
case 61. From the outer surface 615 of the case 61, terminals
21 and 22 stick out. The terminals 21 and 22 are inserted into
the board 74 serving as an object to be mounted to whereby
they are connected to the electrical circuit which is formed in
the board 74.

The first electromagnetic relay of the present embodiment
has a main body 27 including an electromagnet 12 inclined
with respect to the outer surfaces 61a, 615, 61¢, and 61d of the
case 61. Further, the main body 27 is inclined with respect to
the mounting surface 74a of the board 74 when mounting the
electromagnetic relay at the board 74. In the present embodi-
ment, the longitudinal direction of the main body 27 is
inclined with respect to the mounting surface 74a. Further,
the width direction of the moving contact arrangement part
and the width direction of the fixed contact arrangement part
are inclined with respect to the mounting surface 74a. For this
reason, even if the electromagnetic relay is mounted on the
board 74 so that any surface among the outer surfaces 61a,
615, 61c, and 61d of the case 61 becomes parallel to the
gravity direction, the width direction of the moving contact
arrangement part and the width direction of the fixed contact
arrangement part can be made to be inclined with respect to
the gravity direction and poor conduction due to foreign
matter can be suppressed. For example, even if mounting the
first electromagnetic relay of the present embodiment at the
board 74 with a mounting surface 74a which extends in the
horizontal direction or the gravity direction, it is possible to
suppress poor conduction due to foreign matter.

FIG. 18 is a schematic cross-sectional view of a second
electromagnetic relay of the present embodiment. The struc-
ture of the electromagnet 12, the card 32, the moving elec-
trode plate 20, the fixed electrode plate 19, etc. of the main
body 28 of the second electromagnetic relay of the present
embodiment is similar to the first electromagnetic relay of the
present embodiment. The moving contact arrangement part
and the fixed contact arrangement part extend in the direction
vertical to the longitudinal direction of the main body 28
which is shown by the arrow 85 as well in the same way as the
first electromagnetic relay of the present embodiment. The
second electromagnetic relay of the present embodiment dif-
fers in the structure of the base member 10 of the main body
28 and the shape of the case 62 from the first electromagnetic
relay of the present embodiment.

The base member 10 of the second electromagnetic relay
of the present embodiment does not have any fastening parts
which extend toward the corner parts of the case 62. The side
surfaces of the support part 105 contact the inner surfaces of
the case 62. The case 62 is formed so that the cross-sectional
shape when cut along a plane vertical to the moving contact
arrangement part of the moving electrode plate 20 becomes
trapezoidal. The outer surface 624 of the case 62 is inclined
with respect to the outer surfaces 62a and 62c¢. Further, the
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outer surface 625 of the case 62 is inclined with respect to the
outer surface 62d. For this reason, the width direction of the
moving contact arrangement part and the width direction of
the fixed contact arrangement part are inclined with respect to
the outer surface 62b. The terminals 63 and 64 which are
connected to the moving electrode plate 20 or the fixed elec-
trode plate 19 and further are for connecting with external
electrical circuits are arranged so as to project out from the
outer surface 625.

The second electromagnetic relay of the present embodi-
ment can make the main body 28 to be inclined with respect
to the mounting surface 74a of the board 74. In the present
embodiment, the longitudinal direction of the main body 28
which is shown by the arrow 85 can be made to be inclined
with respect to the mounting surface 74a of the board 74. The
width direction of the moving contact arrangement part and
the width direction of the fixed contact arrangement part can
be made to be inclined with respect to the mounting surface
74a of the board 74. For this reason, even if mounting on the
board 74 so that the outer surface 625 becomes vertical to or
parallel with the gravity direction, the main body 28 can be
made to be inclined with respect to the mounting surface 74a
of the board 74. The width direction of the moving contact
arrangement part and the width direction of the fixed contact
arrangement part can be made to be inclined with respect to
the gravity direction and poor conduction due to foreign
matter can be suppressed. For example, even if mounting the
second electromagnetic relay of the present embodiment on
the mounting surface 74a of the board 74 which extends in the
horizontal direction or the gravity direction, it is possible to
suppress poor conduction due to foreign matter.

FIG. 19 is a schematic cross-sectional view of a third
electromagnetic relay of the present embodiment. The struc-
ture of the main body 28 which includes the electromagnet
12, the card 32, the moving electrode plate 20, and the fixed
electrode plate 19 in the third electromagnetic relay of the
present embodiment is similar to the second electromagnetic
relay of the present embodiment. The third electromagnetic
relay of the present embodiment differs in the shape of the
case 65 from the case 62 of the second electromagnetic relay
of the present embodiment. The case 65 of the third electro-
magnetic relay of the present embodiment is formed into a
rectangular parallelepiped shape. The case 65 has outer sur-
faces 65a, 655, 65¢, and 65d.

The moving contact arrangement part of the moving elec-
trode plate 20 and fixed contact arrangement part of the fixed
electrode plate 19 extend in parallel. The width direction of
the moving contact arrangement part and the width direction
of'the fixed contact arrangement part are vertical to or parallel
with the outer surfaces 65a, 655, 65¢, and 654 of the case 65.

The third electromagnetic relay of the present embodiment
is provided with a socket 71. The socket 71 connects the
terminals 63 and 64 which are connected to the moving elec-
trode plate 20 or the fixed electrode plate 19 and the electrical
circuit which is formed on the board 74 serving as the object
to be mounted to. The terminals 63 and 64 which stick out
from the case 65 are mounted in the socket 71. The socket 71
has external connection terminals 72 and 73. The external
connection terminals 72 and 73 are mounted on the board 74
and are electrically connected with the electrical circuit
which is formed on the board 74.

The socket 71 is formed so that when mounting the third
electromagnetic relay of the present embodiment on the
board 74, the outer surfaces 654, 655, 65¢, and 65d of the case
65 are inclined with respect to the mounting surface 74a of the
board 74. That is, the socket 71 is formed so that the case 65
is inclined with respect to the mounting surface 74a of the
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board 74. Further, the socket 71 is formed so that when the
electromagnetic relay is mounted on the board 74, the main
body 28 is inclined with respect to the mounting surface 74a
of the board 74. Furthermore, the socket 71 is formed so that
when the electromagnetic relay is mounted on the board 74,
the width direction of the moving contact arrangement part
and the width direction of the fixed contact arrangement part
are inclined with respect to the gravity direction.

The third electromagnetic relay of the present embodiment
can make the main body 28 which includes the electromagnet
12 to be inclined with respect to the mounting surface 74a of
the board 74. In the present embodiment, the longitudinal
direction of the main body 28 which is shown by the arrow 85
can be made to be inclined with respect to the mounting
surface 74a. The width direction of the moving contact
arrangement part and the width direction of the fixed contact
arrangement part are inclined with respect to the mounting
surface 74a. For this reason, even if the electromagnetic relay
is mounted on the board 74 where the mounting surface 74a
extends in the horizontal direction or the gravity direction, the
outer surfaces 65a, 65b, 65¢, and 654 of the case 65 can be
kept from becoming vertical to or parallel with the gravity
direction. Further, the width direction of the moving contact
arrangement part and the width direction of the fixed contact
arrangement part can be made to be inclined with respect to
the gravity direction and poor conduction due to foreign
matter can be suppressed. Furthermore, by adding the socket
71 to the electromagnetic relay in the prior art, the width
direction of the moving contact arrangement part and the
width direction of the fixed contact arrangement part can be
made to be inclined with respect to the gravity direction.

The rest of the configuration, actions, and effects are simi-
lar to those of the Embodiment 1, so explanations will not be
repeated here.

The above embodiments may be suitably combined. In the
above figures, the same or corresponding parts are assigned
the same reference notations. Note that the above embodi-
ments are illustrations and do not limit the invention. Further,
in the embodiments, changes which are shown in the claims
are included.

The invention claimed is:

1. An electromagnetic relay comprising:

an electromagnet;

an armature which is pulled by said electromagnet when

said electromagnet is energized;

a moving electrode having

a moving plate having a first longitudinal end fixed in
place and a second longitudinal end movable by the
operation of said armature, the second longitudinal
end being opposite to the first longitudinal end in a
longitudinal direction along a longitudinal axis of the
moving electrode, and

a moving contact disposed on the moving plate, said
moving contact being moved by the operation of said
armature; and

a fixed electrode which faces said moving electrode and

has a fixed plate and a fixed contact,
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wherein at least a portion of said moving plate and at least
aportion of said fixed plate onto which said fixed contact
is arranged are inclined in a moving plate width direc-
tion, perpendicular to the longitudinal axis of the mov-
ing plate.

2. The electromagnetic relay as set forth in claim 1, further
comprising a moving member which is connected to said
armature and which moves along with operation of said arma-
ture, wherein

said moving plate and said fixed plate are inclined with
respect to amovement direction of said moving member.

3. The electromagnetic relay as set forth in claim 2,
wherein

said moving member has a pushing part which pushes said
moving plate, and

said pushing part has a shape with an end face which
contacts said moving plate becoming substantially par-
allel to a surface of said moving plate.

4. The eclectromagnetic relay as set forth in claim 2,
wherein the moving plate moves by a pushing action in which
the moving member pushes the moving plate.

5. The electromagnetic relay as set forth in claim 2,
wherein the movement direction of said moving member is
along a longitudinal direction of the said moving member.

6. The electromagnetic relay as set forth in claim 1, further
comprising a case which has said electromagnet placed inside
it, wherein

said moving plate and said fixed plate are inclined with

respect to at least one outer surface of said case.

7. The electromagnetic relay as set forth in claim 1,
wherein

said moving plate and said fixed plate are inclined with
respect to a direction in which said armature is pulled by
said electromagnet.

8. An electromagnetic relay comprising:
an electromagnet;

an armature that moves in accordance with excitation of
said electromagnet;

a moving electrode including a moving plate and a moving
contact disposed on the moving plate;

a fixed electrode including a fixed plate, and a fixed contact
disposed on the fixed plate, the fixed contact configured
to come into contact with the moving contact; and

a card fixed to the armature, moving with the armature, and
including a pushing part at an end of the card, the push-
ing part contacting and pushing the moving electrode
upon movement of the armature, the pushing part being
inclined with respect to a movement direction of the
card, and the pushing part being substantially parallel to
at least a portion of said moving plate and to at least a
portion of said fixed plate.
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